Aim To investigate, with extended follow-up, cause-specific mortality among low-income Black and White Americans with Type 2 diabetes who have similar socio-economic status.
Introduction
Black people are at a substantially higher risk of developing diabetes compared with White people in the USA, and national age-adjusted diabetes mortality rates are twice as high among Blacks compared with Whites [1] ; however, we have previously shown that in Black and White Americans with similar low incomes, the prevalence of diabetes is nearly the same [2] . More recently, we have also shown that among these low income people with diabetes, overall mortality is actually somewhat lower in Black Americans [3] . Identifying specific causes of death in diabetes, and whether they differ by race, may move us closer to ultimately reducing diabetes mortality among both Black and White Americans.
Few cause-specific mortality data are available on Black people with diabetes in the USA and on whether diabetes disproportionately affects specific mortality outcomes in Black compared with White people. Most racial comparisons are strongly confounded by large differences in education and income in which statistical methods are not convincingly able to adjust for these confounders. The aim of the present paper, therefore, was to investigate cause-specific mortality by race in a low-income population with Type 2 diabetes with similar socio-economic status. Our purpose was threefold: 1) to characterize the contribution of specific complications and comorbidities of diabetes to total mortality in a low-income population with diabetes; 2) to identify risk factors for specific diabetes mortality outcomes in each race; and 3) to identify why, given the presence of diabetes, Blacks had a lower all-cause mortality risk than their White counterparts.
Methods
The Southern Community Cohort Study (SCCS) is a population-based prospective study designed to investigate the causes of health disparities between Black and White Americans in the incidence of and mortality from cancer and other chronic diseases. Details of the rationale, study design and methods have been described previously [4] . The SCCS cohort includes 64 091 participants aged 40-79 years, recruited during 2002-2008 from community health centres in 12 states in the south-east of the USA. This cohort was the focus of the present report. Community health centres, i.e. federally qualified health centres, are government-funded healthcare facilities offering basic healthcare and preventative services to the medically underserved. All study procedures were approved by the institutional review boards of Vanderbilt University and Meharry Medical College.
After providing informed consent, participants completed a 40-60-min in-person interview, during which data were collected on medical history, lifestyle and socio-economic factors. If a participant answered 'yes' to the question 'Has a doctor ever told you that you have diabetes or high blood sugar?', he/she was asked questions about their age at diabetes diagnosis and medications prescribed to treat the disease. Women were specifically asked not to include gestational diabetes in their reporting. For the current analysis, we excluded participants with missing information on diabetes status (n = 339) or age at first diabetes diagnosis (n = 196), as well as those reporting a first diagnosis of diabetes before the age of 30 years (n = 1149). Black or White participants (exclusively) diagnosed with diabetes at or after the age of 30 years (n = 12 498, 96%) thus formed our cohort with Type 2 diabetes.
Mortality status and underlying and contributing causes of death were determined from linkages of the SCCS population with the National Death Index database, with mortality censored on 31 December 2010, increasing the person-years of observation by 53% compared with our previous National Death Index follow-up [3] . Contributors to the cause of death in people with diabetes are especially difficult to investigate when diabetes is listed as the underlying cause of death and only underlying causes are assessed. Because 'diabetes' as the underlying cause of death is not particularly informative and data relying only on the underlying causes of death listed on death certificates may substantially underestimate the impact of diabetes-related complications on total mortality in people with diabetes, we used both the underlying and contributing causes listed on the death certificates in determining cause-specific mortality [5, 6] . Thus, in the present analyses, an individual could appear in more than one outcome; he/she could have renal failure as a contributing cause of death as well as ischaemic heart disease; that is, cause-specific deaths were based on the mention of that cause anywhere on the death certificate.
Our outcomes of interest were ischaemic heart disease and the other top five leading causes of death in this cohort; namely, cancer, heart failure, renal failure, respiratory disorders and sepsis. The International Classification of Diseases-10 codes, listed as either the underlying or contributing cause of death, were used to define the above disease classifications are shown in Appendix 1. Because of their non-specificity as a cause of death, the following were excluded as outcomes from these analyses: diabetes (death is caused by specific complications of diabetes, whether chronic, such as renal failure or ischaemic heart disease, or acute such as hypoglycaemia, ketoacidosis), cardiac arrest (everyone's heart stops when he or she dies; this is generally listed when the cause of death is unknown) and essential hypertension (death is caused by complications of essential hypertension). Five people had invalid death dates and were also excluded from the analysis.
General linear models were used to test for differences in continuous variables and chi-squared tests were used for categorical data. Race was self-reported based on pre-specified categories. Because of sample size limitations in other racial/ethnic groups, race-specific analyses of effect modification by race were conducted in Blacks and Whites only. Cox proportional hazards modelling, using age as the time scale, was used to determine hazard ratios and their 95% CIs for all-cause and cause-specific mortality among those with diabetes. The models were computed both overall and separately for Blacks and Whites. Multivariable adjusted models in all races combined controlled for sex, race, duration of diabetes, BMI, type of anti-hyperglycaemic therapy, and baseline histories of ischaemic heart disease, stroke/transient ischaemic attack, hypertension, high What's new?
• In a US population, we have recently observed lower mortality risk in Black Americans than in their White American counterparts with Type 2 diabetes.
• In these analyses we show that in Black and White Americans with similar socio-economic status, risk factors for specific causes of death were generally similar in each race, while risk of dying from ischaemic heart disease and respiratory disorders, the two leading causes in both races, were significantly lower in black people.
• Our data suggest that when socio-economic status is similar, the risk factors for mortality are similar in Black and White Americans, while mortality risk is actually lower in Black Americans.
cholesterol and treatment for high cholesterol, and smoking (never/current/former). Race-specific multivariable adjusted models controlled for sex, duration of diabetes, anti-hyperglycaemic therapy, high cholesterol and treatment for high cholesterol, and smoking (never/current/former). We chose the available variables that we considered to be clinically most important as well as being the standard variables that are adjusted for in this type of mortality analysis. Event numbers limited further adjustment for other variables. Before assessing survival from specific causes of death among those with diabetes, to document the higher mortality associated with diabetes we conducted Cox modelling of the causes of death among those with vs those without diabetes in the SCCS cohort. Because we have previously observed effect modification by race for ischaemic heart disease on all-cause mortality in this population with diabetes, effect modification by race on cause-specific mortality was assessed for the following ischaemic heart disease risk factors known to vary by race: history of ischaemic heart disease, hypertension, high cholesterol and smoking. The criterion for statistical significance for assessing such interaction initially was a two-tailed P value of < 0.10, although we then considered a threshold of 0.014, taking into account the multiple comparisons made across seven strata of these four variables. We also tested for effect modification by education and income on the relationship of race with all-cause mortality. Statistical analysis was conducted using SAS version 9.3 (Cary, NC, USA).
Results
Characteristics of the Black and White Americans with Type 2 diabetes are shown in Table 1 . The characteristics of people of both races were generally similar, with the exceptions that Blacks more often reported being on insulin therapy alone and were less likely to be taking no oral hyperglycaemic therapy or to have had hypercholesterolaemia, ischaemic heart disease and acid reflux. A total of 65% of the population had an annual household income of < $15,000 and 86% had an annual household income of < $25,000, with a similar distribution between Blacks and Whites.
During the follow-up period (mean 5.9 years), 13.3% (n = 1660) of the population died. The mortality risk was significantly lower in Blacks than in Whites (22.8 vs 27.5/ 1000 person years; hazard ratio 0.79, 95% CI 0.70-0.89), Number of individuals with other missing data: hypertension, n = 3; high cholesterol or type of medication for high cholesterol, n = 47; ischaemic heart disease, n = 13; smoking, n = 8.
consistent with our previous report [3] . This lower risk did not vary when stratified by income or education (P value for multiplicative interaction=0.74 for income and 0.43 for education, data not shown).
The leading causes of non-accidental death among those with diabetes were ischaemic heart disease (n = 311), respiratory disorders (n = 303), cancer (n = 232), renal failure (n = 200), heart failure (n = 191) and sepsis (n = 170). Table 2 shows that the leading causes of death were similar in Blacks and Whites. The excess risk of dying from these specific causes in this population with diabetes compared with the SCCS population without diabetes is shown in Fig. 1 . With the exception of those with cancer, those with diabetes had a two-to fourfold excess risk of dying from these causes compared with those without diabetes. No excess risk associated with diabetes was observed for cancer mortality.
Multivariable adjusted risk in Black Americans compared with White Americans with diabetes for the leading cause-specific mortality outcomes and diabetes-related mortality outcomes are shown in Fig. 2 . Blacks had a lower mortality risk attributable to ischaemic heart disease or respiratory disorders, but a higher risk of mortality caused by renal failure and a suggested higher risk of heart failure mortality. Black Americans also had a lower risk of dying from accidents/suicides/injuries. Table 3 shows the multivariable adjusted hazard ratios associated with the patient characteristics for the leading cause-specific mortality outcomes of interest. Risk factors for cause-specific mortality generally included male sex, being on insulin therapy and smoking. Risks of death from ischaemic heart disease, sepsis and renal failure increased with duration of diabetes, whereas diabetes duration had little or no effect on risk of other causes of death. Unlike for the other causes of death, neither insulin therapy alone nor insulin + oral anti-hyperglycaemic therapy was associated with cancer mortality. Histories of ischaemic heart disease and hypertension were each associated with ischaemic heart disease, renal failure and heart failure mortality, while a history of ischaemic heart disease was additionally associated with respiratory disorders mortality. Both current and former smoking were associated with a higher risk of each of the specific causes of death except for cancer, for which current but not former smoking was associated with higher mortality.
The patterns seen in Table 3 for cause-specific mortality risk factors generally, but not always, persisted for both Blacks and Whites when investigated race-specifically. Ischaemic heart disease and respiratory disorders were the leading contributors to overall mortality in both Blacks and Whites with diabetes, so event numbers allowed a larger number of potential risk factors to be examined in the race-specific multivariate models (Table 4) than for the other causes of death. Duration of diabetes appeared to be a stronger risk factor for death from ischaemic heart disease and smoking appeared to be a stronger risk factor for death from respiratory disease in Whites, and prevalent heart disease and hypertension appeared to be stronger risk factors for death from ischaemic heart disease and/or renal failure in Blacks, but none of these differences attained statistical significance when multiple comparisons were taken into account (P values for multiplicative interaction all > 0.014).
Finally, we conducted a post hoc analysis to investigate whether the lower all-cause mortality risk in Black Americans would remain after excluding those who died where ischaemic heart disease or respiratory disorders were the causes of death. These were the two leading causes of death and Black people were at a lower risk for each outcome. In the population in which ischaemic heart disease or respiratory disorders were not causes of death, the lower risk of mortality among Blacks remained (hazard ratio 0.82, 95% CI 0.71-0.95).
Discussion
We have recently reported lower all-cause mortality rates in Black Americans compared with White Americans with Type 2 diabetes in the SCCS population [3] . As few cause-specific mortality data are available on Black people in the USA with diabetes, in the present report we have described the contribution of specific complications and comorbidities of diabetes to total mortality and have attempted to identify the reasons for the lower mortality rates among Blacks than among Whites. We have shown that the leading causes of death, as well as their risk factors, were largely similar in Blacks and Whites. We have also shown that mortality rates attributable to ischaemic heart disease and respiratory disorders were lower in Black people, while mortality rates attributable to renal failure and heart failure were higher. As ischaemic heart disease and respiratory disorders were the leading causes of death in both races, they contributed to a higher percentage of total deaths and thus to the lower all-cause mortality among Blacks.
Determining where specific causes of death differ among populations is the first step towards understanding racial disparities in all-cause mortality. While there is some previous evidence that the leading cause of death among individuals with diabetes may differ by race or nationality [7] , the literature largely suggests that ischaemic heart disease is the primary cause of death [8] [9] [10] in both Black and White people with diabetes [10] , a finding confirmed in the present study; however, we observed a lower relative risk of death from ischaemic heart disease for Blacks compared with Whites. The Multiple Risk Factor Intervention Trial also found a lower relative risk of death from ischaemic heart disease for Black men compared with White men with diabetes, which became significant after adjustment for income [10] . One possible reason for this lower risk of ischaemic heart disease among Black people in the USA is that Black people are more likely than White people to have an insulin-sensitive form of Type 2 diabetes, which is characterized by higher HDL cholesterol and lower LDL cholesterol and triglyceride levels [10] . In general, less atherosclerosis is observed among Blacks.
A higher rate of respiratory disorders as the underlying or contributing cause of death has been reported among individuals with diabetes [5, 11] . We, too, have recently observed higher mortality from respiratory failure in our population diagnosed with diabetes before the age of 30 years [12] . In the present analyses of those diagnosed with diabetes at or after age 30 years, respiratory disorders was second only to ischaemic heart disease as the leading 
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Cause-specific mortality in Black people compared with White people with Type 2 diabetes FIGURE 2 Cause-specific mortality in Black compared with White people with Type 2 diabetes. Hazard ratios (95% CIs) associated with Black race for the specified mortality outcomes. Models controlled for sex, duration of diabetes, anti-hyperglycaemic therapy, high cholesterol and treatment for high cholesterol and smoking (never/current/former). Models for ischaemic heart disease mortality and respiratory disorders mortality additionally adjusted for BMI, a history of ischaemic heart disease at baseline and hypertension. Mortality rates per 1000 person-years were: ischaemic heart disease (4. contributor to mortality. It has been suggested that the lung may also be a target organ of diabetes [13] , and decrements of lung function in Type 2 diabetes have been observed independently of smoking and obesity [14] . A meta-analysis of studies of pulmonary function in diabetes showed a modest reduction in pulmonary function in both Type 1 and Type 2 diabetes [15] and reduced pulmonary elastic recoil [16, 17] , lung volume and impaired diffusing capacity [16, 18] has been observed in diabetes. We do not have similar pathophysiological measures on lung function or on whether its relationship with diabetes varies by race, but the mortality rate from lower respiratory disorders in Black people, which is consistent with that observed nationally [1, 19] , remained the same after adjustment for smoking and BMI. Smoking, however, appeared to have a greater impact on mortality from respiratory disorders in Whites than in Blacks (hazard ratios 3.1 vs 1.7), an observation that has been noted elsewhere [20] , perhaps because of the heavier daily cigarette consumption among White than among Black smokers in the SCCS.
Our data do not support a higher all-cause cancer mortality risk in those with diabetes, an observation that has been reported elsewhere [21] . The Cancer Prevention Study II reported that a higher total cancer mortality was associated with diabetes among 1 053 831 participants free of cancer at study baseline [21] . The excess risk, although significant, was slight (Relative Risk = 1.09, 95% CI: 1.06-1.13 for men and Relative Risk = 1.11, 95% CI: 1.06-1.15 for women) [21] and similar to that observed in the present population. Diabetes has been associated with a higher risk of some site-specific cancers [21, 22] and a protection from others [21, 23] , which may help explain the very low excess overall cancer mortality risk associated with diabetes. For almost all of the mortality outcomes reported, women with diabetes had a~30-40% lower mortality risk. We have previously reported on the lower all-cause mortality risk in women with diabetes than in men in our population [3] . The excess risk of cardiovascular disease mortality in men compared with women is reported to be eliminated or attenuated in diabetes [24] , with inconsistent results reported for all-cause mortality [25, 26] . Our data do not support a loss of the protective effect of being female on all-cause or cardiovascular disease mortality in diabetes, as women in our population with diabetes had a substantially lower risk of all major causes of death than their male counterparts.
The strengths of the present study include its large sample size, to our knowledge the largest cohort of Black people with diabetes in the USA to date, and its inclusion of Black and White people from a similar socio-economic background. The community health centre recruitment also resulted in all cohort members having essentially equal opportunity for similar healthcare. The study also has some limitations. The SCCS was designed primarily to investigate cancer; however, the very large population and the large percentage of people with diabetes at study baseline (~20%) [3] provided an important large-scale diabetes cohort for the investigation of racial disparities in diabetes outcomes. We do not have data on HbA 1c levels for the full population. Our data on participant characteristics at entry into the cohort were based on self-reporting of a physician diagnosis of a disease or condition. Separate validation efforts based on review of medical records and/or HbA 1c levels for samples of SCCS participants, however, confirmed > 97% of the self--reports [27] . While it is possible that there could be some misclassification of diabetes type, we have used 30 years as our age threshold, a standard threshold for defining Type 2 diabetes in large-scale epidemiology studies. We did not have data on age at timing of insulin initiation or biochemical markers of Type 1 diabetes such as glutamic acid decarboxylase antibodies, so we cannot be sure that Type 1 diabetes cases were completely excluded. We also do not have data on microvascular disease or complete data on treatment of hypertension. Comorbidities, including a history of heart attack or coronary artery bypass surgery, were also self-reported. Nevertheless, our data are consistent with other reports showing a lower prevalence of coronary artery calcification, a subclinical marker of atherosclerosis, in Blacks than in Whites [28] . Limitations of ascertaining causes of death from data collected from death certificates in individuals with diabetes have been reported [5, 29] . Ischaemic heart disease has been reported to be over-represented as a cause of death on death certificates compared with physician-confirmed causes of death [30] , but unless this over-reporting of ischaemic heart disease on death certificates differentially affects White and Black people, this would not have affected our primary results. Furthermore, by using both the underlying and contributing causes listed on death certificates, we have attempted to minimize some of these limitations and more accurately ascertain contributors to total mortality in individuals with diabetes. Finally, although no significant effect modification by education or income was observed in the present study, our data are not generalizable to those of middle or upper socio-economic status, as the vast majority of our population was from very low-income households.
In conclusion, in this population with similarly low socio-economic status and similar access to healthcare, diabetes similarly affects mortality risk among Blacks and Whites regardless of the cause of death; however, among those with diabetes, Black people appear to be at a lower mortality risk compared with White people. This lower risk is contributed to by the lower mortality from ischaemic heart disease and respiratory disorders, the leading causes of death in both races. The findings are reminiscent of the 'Hispanic mortality paradox', which refers to the reported phenomenon of a lower mortality rate in US Hispanic people compared with US White people, despite the generally lower socio-economic status and poorer risk factor profile among Hispanic people [31] . Our data suggest that efforts aimed at reducing both the prevalence of and disparities in comorbidities often common among patients with diabetes, including hypertension (higher in Black people) and lipid abnormalities (higher in White people), and smoking would lower cause-specific mortality rates in both races and reduce health disparities for both overall and cause-specific mortality.
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